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NOTICE: The study reported herein was undertaken under the aegis of.
the Committee on Science and Public Policy (COSPUP) of the National
AcademyY Sciences7National Research Council.

Responsitf1 4y.for all aspects of this report rests with the
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f4r. Melvin Calvin
Chairman

Committee on Science and Public Policy
National Academy of Sciences

Dear Dr. Calvin:

I-take pleasure in forwarding the report of the Astronomy
Manpower Committee formed under the Committee on Science and Public
Policy to study the employment problems in astronomy.

The committee carefullyexamined the statistics on both the
',production of astronomers and the -employment'opportunities now
available and reasonably'expected for the near future. Barring the
sudden (and unexpected) restoration of basic sci-ence to public favor,
there seems'to be no way of restoring equilibrium between the demand

,'and thd supply in astronomical employment without a sharp curtail-
ment.in the rate of production of new Ph,D.'s. The ,problem will
probably not bp solved even if the rate of supply is reduced by a
factor of two. The committee has recommended a number of steps that
might be taken, to increase the number of positions available to
astronomers,.. particularly in college teaching and in industry, where
'astronomers are under- represented as compared with scientists in
-other branches of physics.

We telidve that the committee's report should be widely dis-
seminated as soon as possible as a guide for students preparing to
enter graduate school about their chances of finding employment. We,

hope that it also will encourage faculty members to take appropriate
steps to broaden and diversify'the training of. their graduate, students
in light of the reality that only a small fraction of new Ph.D.'s can
look forward to permanent positions in Ph.D.-granting departments, as

, they could in the past.

The committee would like to record its indebtednets to one of
its members, Dr. B. T. Lynds, for writing the final repat,!and tip

'Mrs. Carol Gregory of the Kitt Pea National -Observatory, fpr
cribing the minutes of its meetins.

21 'February 1975

Sincerely yours,

Leo Goldberg, Chairman
Astronomy'Malpower Committee
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Dr. Philip Handler
President
National Academy of Sciences

Dear Dr. Handler:

The Committee on Science and Public Policy is gratified to
transmit to you with its enthusiistic endorsement this report of
the Astronomy Manpower Committee. In our view, there can be no
question of the critical importance of the unemployment problem
in astronomy, both for astronomy and astronomers and for many
related fields and endeavors.

./ We are indebted to this committee and its chairman, Dr.-Leo
Goldberg, for this carefully conceived and comprehensive report,
ih which fhe discussion of the issues is enlightening and the
recommendations obviously have great potential value'for all con-
cerned.

24 February 1975

fi

Sincerely yours,
01.

Melvin Calvin, Chairman-

Committee on Science and Public Policy

(v)
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The revelations of astronomy in recentt nes have caught the'
imaginations of scientists and laymen alike. These advances have
been made by professional astronomers whose observational capabilities-'
have been expanded by increasingly sophisticated equipment while their
interpretative capability has been expanded by the ever increasing
power of theoretical physics. Understandably, the excitement thus en-
gendered has attracted increasing numbers of young scientists to careers
in astronomy. But the number of jobs available to astronomers is deter-
mined by a quite different'set of circumstances and the growing disparity
has become a source of serious concern. To examine this situation, the
Committee on Science and Public Policy of the Academy brought into being
a Committee on Astronomy Manpower. That committee, under the chairmanship
of Dr. Leo Goldberg, reports its findings and recommendations in these
pages. It must be painful indeed for a committee Aevoted to the expansion
of the science of astronomy, and to communication'of that body of knowl-
edge to students and all others who would listen, to warn fellow astrono-
mers and potential students of astronomy that there must be a marked'
decrease in the production of young astronomers if supply and demand for
their services are to attain a reasonable balance%

To the Astronomy Manpower Committee, and to the ComMittee on Science
and Public Policy, I am pleased, on behalf of the Academy, to express our
indebtedness and gratiltude.

Philip Handler
President

Washington, D.C.
24 February 1975
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ABSy

""""--e,

a

The rapid p,;7c5 of discovery in astronom ,during 'the post-Sputnik

years has opened broad new fields of explora on and has attracted mhny

research workers. ,Tht number of scientist engaged in astronomical re-'

search has been increasing at an annual-rate 1f about lgtand this field''

of research 1as had a very large influx of new Ph.D.'s over the past

three years; the influx came not only from newly trained astronomers
7

but also from persons trained in other fields of physics.

Astronomers are prediminantly employed in universities having.

Ph.D.-producing departments and are under-represented (relative to other

fields of physics),in smaller colleges and in industry. This mode of

employment; together with the continuing increase .44 the number Of uni-

versities offering Ph.D: programs in astronomy and astrophysics, the

mi ation fscientists from neighboring fields into astronomy, and the

sio piage growth in Federal funding of astronomical research have

cre ted a sbrious.problem in t40 employment of astronome-rs which will

pro ablYworsen- progressively over the next decade unless firm steps are

pro tly taken tcibring the population of astronOmers closer to an ap-
,

rt., pro imate. equilibrium between suPPly and demand. The-Committee considered.

Ike number of possible me'ohanisms for achieving the des4red balandr,:

oidwhich the following are partii3ularlirecommended4r
t

4a). That each university'department that produces Ph.D./1/with

specialization in,astronotk,and astrophysics assist in achievilg a re-

duction in their output of Ph.D.'s.

(2) Tha. some of the,teaching responsibilities now handled by

'graduate stUdents be assuMed by reguiar,faculty members.

(3) Tfiat all astronomy departments achieve close cooperation in

the organization of curricUla between physics arid astronomy specializa-

tion and that they review their grOuate curricula and their attitudes

toward emp;oyment opportunities in the light of th current situatiOn

in astronomy. An effort sho4ld be made to develop aduate programs

(xii')

.tg
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Pi

that would makethe.Ph.D. astronomer more attractive to small collegei

and to industry.'

(4) That the American Astrbnomical'Society take the lead in a

concentrated drive to expawl.uniiergraduaie prOgrams in astronomy and

to seek out, and encourage all junior colleges, colleges, andUniversi-

ties not now staffed with an astronomer as a faculty membeir to introduce

astronomy programs into their curricula.

(5) That heads of astronomy departments in all state. iversities

make an effort to suggest to'their state legislatures that j'astrpnomy

course, be incorporated as a science credit for alrnewand cOntinuin4

education students and teachers. Ar

(6) That all centers of astroliomical research attempt to establish

mechanisms whereby collaborative, research work can be carried out with

astronomers who are employed in more isolated research environments.

(7) that NASA make a careful Study
r
of the need for support of data

analyses in the asteonomV program.

I
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I., IDENTIFICATION OF THE PROBLEM

A. Introduction

1 In the letter to At. Handler transmitting the final report of

' the Astronomy Survey Comm.tfee (1), Dr. Harvey Brooks took note of

the emarkable vitality of the field of astronomy and astrophYs'ics.

The apid race of discovery in the scienceduring the past decade

has opened broad new fields of exploration and, in so doing, has

provided an excitement and intrinsic scientific importance that

is outstanding in the" physical sciences. This is reflected bylithe

6 ,P.influx of new, young anevery talented research workers wild find the

,cosmos to be the 'greatest area of tt,ue mystery left in the physical

world.

The discoveries of such phenomena as Xi,ray stars, quasars,

pulsars, neutron stars, cosmic gas masers, infrared sources, cosmic

background radiation, and pfssible gravitational radiation are

attracting a substantial flow of first-ranked phYticigt,-.174to the

field, another indication of the intellectual vigor and excitement

of astronomy.

The number of scientists engaged in astronomical research has

been increasing at an annual rate of about 15% (1). The popularity

of the field has caused universities to expand their offerings in

astronomy and the number of institutions now awarding Ph.D. degrees

with astronomical specializations has more than doubled since 1968
2

rep

although the federal expenditures (in constant 1961 ftllars) for

astronomy in universities ann colleges during the same time period

have been declining steadily (2). Because of the predicted decline

in the college age population, Allan M. Cartter (3) and others

have projected a declining demand for new college teachers in the

next two decades. Thus the scientific excitement of astronomy

and astrophysics attracts a large number of young people but their

normal base of operations, the universities, cannot provide, jobs

for them. The ¶ stronomical problem is more acute than that ex-

perienced in tht other physical sciences. This is because the rate

of growth of manpower in Astronomy and' Astrophysics, by Ph.D,

C
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production and by migration from other fields (well above the average

for physics as a whole), is greater than the growth of employment'

opportunities at the P.D.- granting institutions, which ts where 'the "-

majority of astronomers work. It is the serious employment problem

in astronomy that is discussed in this report.

'B. Current Statistics.

Summary - The number of Ph.D.'s employed in astronomy increased

by 1119o4from 623 to 1313) between the years 1970 and 1973 (Table I).

This increase is greater than in any other field of physics. The popu-

larity of the field is also shown by the rise from 9th to 3rd place

for astronomy as ranked by the total number of Ph.D.'s working in

the various fields of physics. Astronomy has also attracted many
4

young physicists, as evidenced by the fact that 28 perCent of Ph.D.'s

employed in astronomy receives their degrees during 1970 to 1973

(Tables II and III). About twice as many Ph.D.'s have entered

regular aitronomical emplolent from other fields as have left it

(Tables IV and .V). Astrono4v are very strongly concentrated in

universities which have Ph.D.irproducing departments and are under-

represented in employment at other colleges and in industry (Table

VI). The number of institutions in the United States awarding Ph:D.'s,

with specializations in.astronomy is increasing (Figure 4) and the

number of graduate students in astronomy does not appear to be de-

creasing -(Table VII). During the past academic year, at least 180

astronomy Ph.D.'s were granted and well Over 900 graduate students

were,enrolled in astronomy programs (Tables VII). At this current

rate ofPh.D. production,,the ratio of n wly trained astronomers to

presently identifiable available positions is estimated to be 4 tol.

The number Of graduates suggests that ov r the next 5 years at(least

600 new Ph.D.'s will enter the field yet only'50-100 open potitions

will be available through retirement and probably no,more than 200

altogether.

The American Institute of Physics h s traditionally taken in-

ventory of the U.S. physics community; u til 1971 the mater,i_al was

collected biennially from the National ience Foundation's National

^ -e
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Register of Scientific and Technical Personnel and in 1973 the AIP

continued a similar survey. The data in Table I were obtained from

two reports (4, 5) which analyzed the inforiation collected from

questionnaires mailed by the AIP. Although the total number of

qUalified respondents dropped by about 1% between the two surveys --

from 361336 in 1970 to 35,800 in 1973, the number of respondees

holding Ph.D. degrees increased slightly. Those respondents who

reported their primary employment in specialties are included in

Table It A detailed comparison of the growth or decline of a

field of specialization is difficult because of the redefinition

Of t fields from 1970 to 1973., but the very large increase in

astronoMy 77 percent) total; or 111 percent for Ph.D.'s is quite

striking as is ,the ch4nge in. ranking by percent of Ph.D.'s in

the ifi_plds'(astr(MgMyis.i..anked 9th in 1970; ranked 3rd in 1973).
1

The samplesare estimated to be 80% complete for lower degree

,holders and between 85% and 90% for those holding doctorates.

Figure 1, based on National Register Data and updated. by the

1973 AIP survey, shows the increase in the number of persons em-

ployed in astronomy. A large part of the rapid growth of the

field of astronomy may be explained as a result of the interest

shown in it by the community of:young physicists. This point is

illustraied in Table II,- based 'on data published in the Physics Today

article. Astronomy ranks second in- {having the youngest population --

28-percent of the total Ph.D.'s working,in astronomy received their
/

degrees between 1970 and, -Astronomy.also ranks second in the

total number of "new" Ph.D.'s in research fields. Overall, new

Ph.D. physicists comprise 23 percent of employed Ph.D. physicists.

Note, however, that the number (358).ofnsw Ph.D.'s employed in
it

astronomy does not account forthe. totd1j.nflux of astronomy Ph.D.'s
.

(690) shown in Table.I.: ThareMaining'48%influii.undoubtedly

represents a flpw of monemature Ph.D. physicists into the field.

At the request of the Astronomy Mini-Study Committee, Ms. ,

Beverly Porter of the AIP analyzed in more detail the 1973 data on

astronomers. The agedAettibutions of Ph.D.'s employed in astronomy

and in the general physic. community are given in Table III and

17
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TABLE II

NEW PH.D.'s 1970=1973 BY

PHYSICS AND ASTRONOMY SUBFIELDS OF PRESENT WORK*

/
SUBFIELI

NEW PH.D.'

% of Subfield

Medical Physics ao

Astronomy 28

Geophysics 28

Plasma Physics 28

'Acoustics 27

Biophysics 26

Elementary Particles . 26

Educational Physics 25

Atomic and Molecular Physics 24

Chemical Physics 24

Optics 24 4*

Electromagnetism 22

Physicsof Fluids 22

Solid State 22

General Physics 20

Nuclear Physics, 20

Meteorology 19

Mechanics 18

Theoretical Physics 18

Thermal Physics ' 18

Electronics 17'

21973

Number

102

358

110

151

117

90

308

402

257 ,

98

304

63

102

596

36

308

29

25

139

20

80

L

The subfields are ordered from these having the highest proportion
of new Ph.D.'s to those having the lowest.

Data from the 1973 AIP Survey.



TABL III

,

AGE DISTRIBUTION OF PLOYED PH.D.'s

(Preliminary Data 96% Complete)

N
\\\

Age
GrOuP

, PhD Total
No. %

Astron. PhD
No. % /

---- Age

Group

4hD Total
N,Ela %

Astron. PhD
No. '.%

. )

20-24 7' 0.0 1 0 i 56-64 1493 8.3 62 4.9

25-29 1361 7.6 154 12:2, 55-59 742 4.1 37 2.9

30-34 4929 27.4 438 34.6 60-64 449 2.5 22 1.2

35-39 3894 21.6
c---

251 19.8 '65-over 268 1., 5 . 27 2.1

40-44 2739 15.2 - 165 13.0 NR 60. 9

. .

....t

45-49 2115 11.8 108 8.5 TOTAL 18,057 1274!.

Data from the,1973 AIP Survey:-

7
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Fig. 2. Note the skewness of the age distribution for astronomers.

Even if the nur4ers of young Ph.D.'t entering the field is leveled

off in the future, there will remain an enormous imbalance for at

least two decades between the numbers of persons retiring per year

and those seeking established (tenured) positions.

The AIP uses four modes of identification of a specific field:

(1) persons primarily trained in the field, (2) persons primarily

trained in the field who are currently working in the field, (3)

persons primarily working in the field and (4) persons primarily

identifying themselves as specialists in ihe4ield.

these numbers are:

TABLE IV

TOTAL NUMBER OF ASTRONOMERS
BY DEGREE AND TRAINING

For, astronomy,
c''

.0.,

Astronomers Ph.D. Others Total

Number trained 1164 499t 1553

Number trained and working 885 254k 1139

Number working 1313 593 1906

Number self-identified 1442 735 2177

tMasters degree only included

The persons primarily trained in astronomy received advanced

degrees in astronomy or in a related fieldjusually physics) but

with an astronomy specialization.

Of the 1164 Ph.D.'s trained in astronomy, 1135 replied to the

question on their current field of employment -- 885 are working in

astronomy; 60 are working in educational physics and/or astronomy;

and 190 moved into other fields of physiet. The 1313 Ph.D.'s

currently working in the field are made up of the 885 trained,in

astronomy, 390 not trained'in astronomy, and 38 others who reported

they were working in the field but did not identify their field of

training. Table V illustrates the mobility, among the various fields.

Clearly, 'about twice as many Ph.D_:'s have entered regular astronomical`

employment as have left it. This reflects the developmlnts in modern

t. astrophysics and its overlap with areas traditionally in the realm

of physics.

I
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TABLE V

' MOBILITY BY FIELD OF'THE NUMBER ENTERING
AND LEAVING ASTRONOMY

(omitting post-doctoral.position'S)

Number leaving 4 Number entering
e

, Field of Degee' for Astronomy fromAstronomy
l'.

.1'
Elementary Particles

.1i

V - Nuclear' Physics 1

. Atomic & Molecular Physics
"'

i''' Theoretical nysics

'-

72

5T

46
.

39

1

2

1

3

. ,: Optics
. 18 24

''`Fluids .
.

'; Solid State

l8,

'18..

10

2

rGeophysics ,, 18 14

'4ectromagnetics
,.'

:, 13' 9

Plasma
v

12 8

Other Physics 23 24.

Other Science 21 49

RnIpn-Science - 33

TOTAL 356 180

Optics is the only field that received more Ph.D.'s from

astronomy than it has sent to astronomy. The fields that provided

theislargest proportioft of entrants into astronomy are elementary

particles, nuclear physics, atomic and molecular physic's and

theoretical physics; there is essentially no reverse flow. Three

of tii; four fields (all but nuclear physics)'alsohave a high per-

centale of young people, who are also primarily employed at uni-

versities. Of the 171 persons holding post-doctoral appointments

in astronomy, 2 did not specify their field of training; 135 were

.trained in astronomy and 34 moved in from other fields. Ten

astronomy- trained persons held post-doctoral appointments in other

fields (primarily in geophysics and plasma physics, none in elementary

particles).
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In Figure 3, the percentage of scientists in a given field

under iage 35 is plotted agaihst the percentage employed at uni-

versities. Those fields having the highest percentage of persons

under-35 also have the largest percentage employed at universities.

Theoretical Physics (with 49% under 35) has more than 80% of its

specialists,employed at universities; this field is followed by

Elementary Particles (50 under 35, 73% at universities); Bio-

physics (50% Ader 35, 71% at-universities); Atomic and Molecular

Physics (49% under 35, 70% at universities); and Astronomy (55%

under 35, 57% at universities). On the average for all physicists,

43.7% are under 35 and 42.1% are employed at universities.

Astronomers are very strongly concentrated in universities

whici have Ph.D.-producing departments, as shown in Table VI,

which contains a detailed analysis prepared )by Porter.,

TABLE VI

TYPES OF EMPLOYMENT OF PH.D. ASTRONOMERS

Astronomy Total Physics

N_.....% N %

Univ. with Ph.D.- producing depts. 647 50.8 6534 36.4

Univ. with, MrA.-producing depts. 30 2.4 776 4.3

Univ. with B.A.-producing depts. 46 3.6 1520 8.4

Univ. and Colleges -- Other 28 2.2 295 1.6

Junior Colleges 5 0.4 175 1.0

Secondary Schools -
1

57 0.3

Industry 82 6.4 4063 22.5

Government
i

225 17.7 1935
s

10.7

Non - profit Organizations 42 3.3 450 2.5

Federally Funded R&D Centers 157 12.3 2166 12.0

Other 11 0.9 66 0.4

Unknown 1 *IN 20

'. .

TOTAL 1274 100% 18057 100%

. , .
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Porter emphasizes that the rl jor difference between Ph.D.'s

working in astronomy and those working in other fields is the high.

7/\ concentration. of the astronomy Ph.D.'s.in the university Ph.D. pro-
..

ducin4 departments and in government; and their Zow representation
.

vn industry.

The number of institutions in the United states awarding Ph.D.'s

with specializations in astronomy has been steadily increasing since

1960. Figure 4 is taken from the Astronomy Survey Committee report (6)

and includes an extrapolation to,1971:z73, shown by the dotted line.

A special report (7) by the President of the AAS.and the Chairman

of the AAS Committee on Manpower and Employment (Bok and Goldsmith,

respectively) contains the data listed in Taae VII,' which is re-

ported to be almost a complete survey of Ph.D.- granting astronomy

departments ,I.Ut a very incomplete sample of physics departments which

allow,specialization in astronomy. (The extrapolated number of 69

universities in Figure 4 is from this survey.)

The 69 universities in the survey reported a total astronomy

graduate enrollment of 9a9. The AIP publication Physics Manpower

1973 lists a comparable total physics graduate student enrollment

of 10,227. The projected number of doctorates to be granted in

physics in 1973-744S1300; Table VII projects a production of about

180 in astronomy. Astronomers now represent 7% of the employed

physicists, 9% of the enrolled physics.studentsand 14% of the pro-

jected 73-74 Ph.D. recipients. The general trend is quite clear;

the declining number of doctorates granted in physics is established
4

while the nrber of doctorates granted in astronomy is continuing

to increase. Purtherkore, a significant fraction of the new Ph.D.

in corica-in other fields of physics is migrating into astronomy.

Bok and'Goldsmith (7)summarize that over the period from

October 1972 -- June .1974, A,
"The total number of positions in astronomy

departments; 586, is estimated to increase by at'most. 21 by June 1974.

Ifwe add in an estimate of 34 positions which may open through re-
10

. tirement, we find that astronomy departments might provide 50 openings

for -the expected 290 Ph.D.'s to be produced by the same departments,

13

ats

_

Alt



plus whatever Ph.D.'s from Ays and related fields may mpete
for these openings. Thus it appears that more than 80% of the

Ph.D.'s will not join the Ph.D.-granting departments." This con-'

elusion is particularly serious whgn one considers the fact that

more than'half (cf. Table VI) ofthe Ph.D. astronomers are em-

plo ed in'the Ph.D.-granting departments of universities. The

dep ents of these institutions are heavily populated with non-

ty astronomy positions such as pdst-doctoral appointees.

A ecent ey of f the leading astronomy departments

indicates at 81% of the fac lties of these departments hold

tenured posits --:e is .m 47% to 100%). Therefore it

appears that those astronomers holding non-faculty positions at

these universities as well a the new Ph.D.'s now being produced

will not be able to find employment in the traditional manner.

27
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TABLE VII

RESULTS OF A SURVEY OF ASTRONOMY AND PHYSICS DEPARTMENPS CONCERNING

RECENT PH.D. PRODUCTION AND DIFFItULTIES WITH EMPLOYMENT

(from Bok and Goldsmith)

(1) Ph.D.'s granted in astronomy

44 Astronomy

Depts.
25

r

Physics
Depts,

Sept. 1969-Sept. 1972 361 19

(2) Estimated Ph.D. production
Oct. 1972-June 1973 133 15
July 1973-June 1974 157 23

(3) Number of full-time faculty
positions in astronomy 392 '. 59

(4) Nonfaculty astronomy positions 194 21

(5) Estimated change in (3) and
(4) by June 1974:
Faculty positions 12 + 4
Nonfaculty positions + 9 + 2

(6) Number of former Ph.D. students
who are known to have serious
difficulty in finding full-
time'employment in astronomy/ 18 3

(7) Number of research associates
and post-doctoral fellows who
are having serious difficulty
securing full-time employment'
in astronomy

(p) Number of astronomy graduate
students now enrolled

19

839

f 10

100

Data from Bok and Goldsmith special report in Mercury, July;Aug. 1973.
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C. Research Funding I
Table VIII contains the estimated expenditures for basic research

in universities and colleges (in current dollars and in 1961 dollars)

together with the percentage of these funds which are derived from

federal sources (2).

Table VIII clearly indicates how heavily the fields of physics

and astronomy depend on federal support. In both fields the university

federal support has been declining as illustrated in Table IX, based

on.the same data source of Table VIII.

The federal obligations for basic research by supporting agency

are shown in Table X [from (2)].

Other federal funds for astronomical research outside of direct

university support are available. Table XI (#1, Vol. 2) identifies

the federal agencies which contribute to the support of astronomical

research including the, costs of operating the National Observatories,

Sacramento Peak Observatory, Naval Observatory, etc.

Several conclusions can be drawn from Table XI: (1) the number

of federal agencibs supporting astronomy is decreasing such that in

1972 95% of the federal funds for astronomy are derived from NASA and

the NSF (82% of ground-based support); (2) the amount of federal funds

for astronomy is decreasing even when measured in current dollars; and

(3) more than 70% of the funds allocated to astronomy are dedicated to

the space ptogram. During the past decade the NASA, astronomy programs

have included an Apollo experiment, space flight operations (including

Skylab ATM experiment), Orbiting Solar Observatories, Orbiting Astro-

nomical Observatories, Orbiting Geophysical Observatories, Explorers,

Sounding Rockets, Pioneers, and Viking missions. ed

Table XII contains NASA's estimated budget for "basic" research

in astronomy for FY73-78.

The. distribution of NSF fundS.for astronomy is shown in Table

XIII, which is based on information published in NSF Annual Reports.

The allocation of NSF funds for astronomy is also illustrated in

Figures 5 and 6. The beginnings of several major astronomical programs



are identified in Figure 5, which expresses the funds .as a percentage

of. the total NSF budget. Figure 6(A) illustrates the fact that the

support of science research projects for all fields has increased

over the years, and Figure 6(B) contains a breakdown of how the

research project support funds have been allocated by scientific

.fields.-
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TABLE IX

DITRIBUTAON OF FEDERAL FUNDS FOR IVERSITY BASIC RESEARCH

(Percent of Total)

FIELD 1964 1966 1968 1970 1972(est.)

ENGINEERING

PHYSICAL SCIENCES

13.7

21.4

15.0

20.7

14.5

18.6

l4.1

18.4

16.2

16.6

, .

Astronomy 1.7 1.7 1.4 1.1 1.1

Chemistry 6.5 5.9 5.6 5.5 5.2

Physics '12.4 12.1 10.6 10.2 8.8

Others 0.8 1.0 1.0 1.6 1.5

ENVIRONMENTAL SCIENCES 5.1 4.7 5.7 5.6 6.7

MATHEMATICAL AND I/

,C,OMI3UTER SCIENCES 2.7 2.6 I 2.7 3.3 2.9

LIFE SCIENCES _ 48.4 46.8 46.7' 45.8 46.1

PSYCHOLOGY 3.1 3.0 3.1 3.1 3.7,

SOCIAL SCIENCES . 4.8 5.3 ,6.6 6.4 6.4

OTHERS 0.7 -2.1 3.0 3.2 3.8

r

Data from Science,Indicators 1972.

h. I
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TABLE 'XI

TOTAL'FEDERAL FUNDING FOR ASTRONOMICAL RESEARCH

1966 1968 1970 I 1972
$ $ M $ M $ M

GROUND -BASED ASTRONOMY

NSF 22.9 30.4. 23.3 29.9

NASA 9.4 10.0 9.0 9.0

AIR FORCE 9.6 8.5 7.3 2.0

NAVY\-... 8.7 8.2 6.7 5.0

ARPA 2.6 2.7 1.3 40-

SAO 1.5 1.5 1.5

SUB-TOTAL 54.7 61.3 49.1 47.4

SPACE PROGRAM ASTRONOMY

NASA 134.5 166.0 161.4 139.4

TOTAL 189.2 227.3 210.5 186.8

22



T
A
B
L
E
 
X
I
I

'
N
A
S
A
 
E
S
T
I
M
A
T
E
D
 
B
U
D
G
E
T
 
F
O
R
 
"
B
A
S
I
C
"

r
,

t

L
U
N
A
R
 
A
N
D
 
P
L
A
N
E
T
A
R
Y
 
P
R
O
G
R
A
M

R
E
S
E
A
R
C
H
 
I
N
 
A
S
T
R
O
N
O
M
Y

(
$
 
i
n
 
M
i
l
l
i
o
n
s
)

F
Y
1
9
7
3

F
Y
1
9
7
4

F
Y
1
9
7
5

F
Y
1
9
7
6

F
Y
1
9
7
7

S
M
T
 
A
d
v
a
n
c
e
d
 
S
t
u
d
i
e
s

2
.
6

2
.
1

3
.
0

3
.
1

2
.
8

,
 
.
0
7

D
a
t
a
 
A
n
a
l
y
s
i
s

.
-

0
.
4

0
.
4

0
.
5

0
.
4

0
1

P
l
a
n
e
t
a
r
y
 
A
s
t
r
o
n
o
m
y

4
.
8

3
.
8

4
.
2

4
.
2

4
.
2

4
1
0
0

P
i
o
n
e
e
r

5
.
1

2
.
9

2
.
6

2
.
0

1
.
8

V
i
k
i
n
g

5
.
3

5
.
0

2
.
8

0
.
8

0
.
7

H
e
l
i
o
s

1
.
0

0
.
6

0
.
7

0
.
6

-

L
u
n
a
r
 
S
c
i
e
n
c
e
 
O
p
e
r
a
t
i
o
n
s

1
.
0

0
.
2

0
.
5

0
.
5

7
0
.
5

.
.
.
.

M
a
r
i
n
e
r
 
J
u
p
i
t
e
r
/
S
a
t
u
r
n

-
2
.
7

7
.
0

8
.
2

5
.
2

S
U
B
T
O
T
A
L
 
U
P
:

1
9
.
8

1
7
.
7

2
1
.
2

1
9
.
9

1
6
.
8

F
Y
1
9
7
8

2
.
8

0
.
4

4
.
2

1
.
8

- -
.

0
.
4

2
.
1

1
2
.
9

T
h
e
 
b
u
d
g
e
t
s
 
i
n
c
l
u
d
e
 
o
n
l
y
 
a
p
p
r
o
v
e
d
 
a
n
d
 
c
o
n
t
i
n
u
i
n
g
 
p
r
o
g
r
a
m
s
 
a
n
d
 
n
o
t
 
n
e
w
 
s
t
a
r
t
s
 
t
h
a
t
 
m
a
y
 
b
e

a
p
p
r
o
v
e
d
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.

P
o
s
s
i
b
l
e
 
c
a
n
d
i
d
a
t
e
s
 
f
o
r
 
n
e
w
 
s
t
a
r
t
s
 
t
h
a
t
 
m
a
y
 
h
a
v
e
 
a
n
 
i
m
p
a
c
t
 
o
n
 
t
h
e

e
m
p
l
o
y
m
e
n
t
 
s
i
t
u
a
t
i
o
n
 
i
n
 
a
s
t
r
o
n
o
m
y
 
a
r
e
 
t
h
e
 
s
u
b
j
e
c
t
 
o
f
 
a
 
r
e
c
e
n
t
l
y
 
p
u
b
l
i
s
h
e
d
 
s
t
u
d
y
 
b
y
 
t
h
e

S
p
a
c
e
 
S
c
i
e
n
c
e
 
B
o
a
r
d
 
o
f
 
t
h
e
 
N
a
t
i
o
n
a
l
 
A
d
a
d
e
m
y
 
o
f
 
S
c
i
e
n
c
e
s
-
N
a
t
i
o
n
a
l
 
R
e
s
e
a
r
c
h
 
C
o
u
n
c
i
l
'
 
(
o
p
p
o
r
-

t
u
n
i
t
i
e
s
 
a
n
d
 
c
h
o
i
c
e
s
 
i
n
 
S
p
a
c
e
 
S
c
i
e
n
c
e
s
,
 
1
9
7
4
1
.

D
a
t
a
 
f
r
o
m
 
N
A
S
A
 
H
e
a
d
q
u
a
r
t
e
r
s



T
A
B
L
E
 
X
I
I
 
(
c
o
n
'
t
.
.
)

P
h
y
s
i
c
s
 
&
 
A
s
t
r
o
n
o
m
y

P
r
o
g
r
a
m
s

F
Y
1
9
7
3

F
Y
1
9
7
4
 
,

F
Y
1
9
7
5

F
Y
1
9
7
6

F
Y
1
9
7
7

F
Y
1
9
7
8

F
Y
1
9
7
9

O
A
O

5
.
7

2
.
3

2
.
5

2
.
8

1
.
1

0
.
3

O
S
O

\
*
2
0
.
4

.
1
2
.
8

5
.
4

2
\
.
6

0
.
6

-
-

H
E
A
0

1
4
.
2

3
.
2

'
3
0
:
2

4
2
5

2
6
.
8

1
5
.
2

8
.
1

S
M
M
 
(
P
h
a
s
e
 
B
)

-
-

1
.
5

1
,
0

-
-

L
I
S
T
 
(
P
h
a
s
e
 
B
)

'
`
'

-
3
.
0

5
.
Q

.
,-

.
p

-
.
.

E
x
p
l
o
r
e
r
s

:
 
-

.
 
9
.
5

a
3
.
5

'
'
'

1
4
.
7

9
.
5

1
6
.
5

1
6
.
5

1
6
.
5

S
o
u
n
d
i
n
g
 
R
o
c
k
e
t
s

1
0
.
9

1
1
.
6

1
2
.
0

1
2
.
0

1
2
.
0

1
2
.
0

1
2
.
0

.
A
i
r
b
o
r
n
e
 
R
e
s
e
4
4

2
.
3

2
.
5

2
.
5

2
.
5

2
.
5
'

2
.
5

2
.
5

B
a
l
l
o
o
n
 
P
r
o
g
r
a
m

0
.
7

0
.
7

f
0
.
7

0
.
7

0
.
7

0
.
7

0
.
7

S
p
a
c
e
l
a
b
 
P
a
y
l
o
a
g
s

-
0
.
3

2
.
0

2
.
0

2
.
0

2
.
0

2
.
0

D
a
t
a
 
A
n
a
l
y
s
t
s

1
.
2

1
.
3

1
.
7
'

1
.
7

1
.
7

1
.
7

1
.
7

S
k
y
l
a
b
 
D
a
t
a
 
A
n
a
l
y
s
i
s

-
1
.
4

6
.
0

4
,
6

-
-

S
R
&
T

7
.
7

8
.
0

8
.
5

8
.
5

8
.
5

8
.
5

8
.
5

S
U
B
T
O
T
A
L
 
P
E
A
:

7
2
.
6

5
6
.
2

8
6
.
1

9
6
.
8

7
7
.
0

5
9
.
4

5
2
.
0

S
U
B
T
O
T
A
L
 
L
A
P
:

1
9
.
8

1
7
.
7

2
1
.
2

1
9
.
9

1
6
.
8

1
2
.
9

T
O
T
A
L

9
2
.
4

7
3
.
9

1
0
7
.
3

9
3
.
8

7
2
.
3

5
2
.
0



TABLE XIII

DISTRIBUTION OF NSF FUNDS FOR ASTRONOMY

(Current $M)

1968 1969 1970 1971 1972 1973 1974

TOTAL NSF FUNDS 495 400 .438 511 619 639 663

UNIVERSITY GRANTS PROGRAM

Astronomy 6.2
4r

5.9 5.8 , 6.4 7.8 8.8 9.6

Physics* 0.7 0.7 0.9 0.7 1.3 1.3t 1.9t

Chemistry & Math* 0.1 0.1 0.1 0.1 0.1 0.1 0.1

KPNO 12.5 5.7 5.8 7.2 7.7 7.8 7.8
. ,

NRAO 4.9 4" 7.3 6.4 6.8 6.7 10.0 12.1

CTIO 2.3 4.5 1.9 2.3 2.5 2.7. 2.6

;Mi)* 1.3 1.3 1.4 1.5 1.5 1.6, 1.6

NAIC* - 0.6 1.1 4.0 3.1 2.1 2.1

UNIV. ASTRONOMYIRESEARCH 4,

INSTITUTIONS 1 0.7 0.3, 0.2 0.3 0.3 -

SCIENCE DEVELOPMENT GRANTS 2.4 2.1` 0.6: 0.6: - - -

1

TOTAL ASTRONOMY 31.1 28.5 24.2 29.9 31.0 34.4 37.8

% OF TOTAL NSF FUNDS 6.3 7.1 5.5 5.9 5.0 5.4 5.7

* Estimates of astronomy funds included in a larger total.

Information provided by NSF Physics Grants Program.

Data from NSF Annual Reports.
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D. Identification of Specific Issues

The statistics cited in the previdUs section clearly indicate

that there will be a serious employment problem among Ph.D. astronomers

in the immediate future. The 800 graduate students now in training

indicate a productioneabout.150 new Ph.D.Ys per year. T4dnumber of

available jobs per year in unive*ities is about 30. Unless some
,,.

modifications are made.to change the trends there will be an.even

greater employment crisii,in,the long -range futureof the science.

The one basic question to be addressed is:' How,can the population of

astronomers be brought into an approximat ilibrium between (1)

supply and (2)'demand? 'We must consider Jow to decrease (1) and

increase (2). 4

In order to assess\the situatio realis;ticaliy, one must review

-the financial suppbrt'for astre y, study the graduate training ,

procedures (both quantitative :y and qualitatively), aniisearch for a

wider diversification in emplo ent opportunities for astronomers.

Ik
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H. _DEVELOPMENT AND ACTIVITY-OF THE COMMITTEE

The Astronomy Mini -Study Committee met at Woods Hole for the first time

on'June 13-15, 1974. Attendants at the meeting Were:-

Dr. Leo Goldberg\ (Chairman), Astronomer and Director of Kitt Peak

National 04ervatory.

Dr. Alexander Dalgarno, Professor of Astronomy and Chairman of the

\

Department of Astronomy, Harvard University.

Dr. Frank Drake, Professor of Astronomy, Cornell University, and

Diredtor; of the National Astronomy and Ionosphere Center.

Thr. Robert Fleischer, Head,' AstronomySection, Nation g1 Science

Fouhdation.

Dr. Ivan King, Professor of Astronomy; University of, California,

Berkeley.

' Dr. Robert Kraft, Professor of Astronomy, University of California,

-Santa Cruz, and President, American Astronomical Society.

Dr. Beverly Lynds, Astronomer and Assistant to the Director, Kitt

Peak Nationaa_Observatory.

.Dr. Peter Meyer, Professor of Physics, University of Chicago.

Ms. Beverly Porter, Deputy Diredtor, Manpower, Division, American

Institute of Physics.

Malvin Ruderman, Professor of Physics, Columbia University.

Dr. Upnry Smith, Deputy Associate Administrator Acience,Office of

Space Science, National Aeronautics and Space Administration--

At this initial meeting, preliminary statistics in the astronomical

population with respect to total numbers, age distribution, field of Ph.D.,

employment and growth were disCussed and several more detailed analyses were

requested of the 19.73. AIP survey. The Committee then reviewed the current

and possible future federal funding for astronomy. General discussions

were held on the research potential of'the field and on possible new modes

of employment of astronomers. The Committeegreed to discuss all issues

with their colleagues and to reconvene in the fall in order to'produce a

final report.

29
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Detailed minutes of the Woods Hole meeting were prepared and distributed

to the Committee members. In addition', Dr. Goldberg sent copies of the

minutes to astronomers at about 70 different universities and research

institutions 4n4wasked them to discuss the issues with their colleagues and
0

advise him of their suggestions and opinions. Responses were received from

45 scientists, many of whom spoke for an entire department.

The comments from these respondees plus notes from,a"Tucson meeting of

seven additional astronomers and administrators (from KPNO, NRAO, SAO, and

the University of4rizona) were compiled andThategorized by subject matter

and the resulting report was mailed to all members of the mini-study-prior

to its fall meeting.

A second meeting of the mini-study was held at the National Academy

of Sciences on September 27-28 and was attended by the original steering

our plus five additional participants:

Dr. Donald Backer, Goddard Space Flight Center

Dr. Richard Berendzen, Dean of College of Arts and Sciences, American

University

Dr. Kate BrookS, Los Medanos Community College

Dr. Martin Green, Advisory Engineer, Electro-Optical Department,

Westinghouse Electric'Corporation

Dr. Joseph Schwartz, Center for Astrophysics,' Harvard & 'Smithsonian Obs.

Other guests included Mr. Charles Reed, Execut e Director, Assembly of

Mathematical and Physical Sciences of the Nation Research Council; and

Dr. Jack Sanderson, Head, Office of Budget, Programming and Planning AnalySis

of the National Science Foundation (now Deputy Director, Office of Planning

and Resources Management).

Porter had provided the Tailed statistical data requested by the

Committ4e.

The Committee spent the first day discussing the main issues identified

at the Woods Hole meeting and other points raised by their colleagues,,,by

industry and by university administrations. On the second daythp Committee

ruched decisions on the nature.,of the final repoit and discussed its

conclusions and recommendations. Ts report is thp resulting document.



III: COMMITTEE REPORT

A. Graduate Training e
According to Table III,,Ihere are about 50 Ph.D.'s employed in

astronomy over the age of 60 and more than 500 under the age of 35.

This can be generalized to the statement that there are ten times

as many astronomers entering the field,s ereoleaving it.

If it is assumed that the present population of Ph.D. astronomers

in the U.S. is 1800 and that the average career span for each is 40'

years, then an employment rate of 45 new Ph.D. astronomers' per year

would achieve an equilibrium rate if the age distribution were uniform.

It is clear that the nurill;er of knew persons seeking employment exceeds

this steady-state valUe by at least a .factor of '4 and even then the

equilibrium will not be,achieved until the end-of the century because

of the skewness of the age distribution.

If the, career span were reduced through early retirement, then a

higher employment rate could be accommodated. Many universitiere

now exploring this possibility and if it proves viable for the-future

it will hel6 to alleviate the problem. Very few pOsitions would become

available,immediately, but it is hoped that the prbmise of futufe tenured

positions becoming availabre-will enable universities to argue for an

extension of support for their junior'staff for about the next decade.

Although the employment opprunities in astronomy may increase it

is clear that the rate of production of Ph.D.'s seeking employment in

astronomy must be reduced. It is the responsibility.of every university

dpartment)vhich produces Ph.D.'Aq with specializations in astronomy and
o

astrophysicp to assist.in achieving thiq ravation. The ComMittee

recommendsthat university departMents take the following steps: (1)

to inform potential stulents, of the current e4loymentproblem in

astronomy,and to provide assistance to the potential student in evaluating

his or her achievIM'ent capability, (2) to screen carefully. the students

both prior tosadMittdnee to the graduate program and during the early

years of graduate work, and .(3).to provide a program which.will enable .

each student to achiive adequate mobility with. respect o employment.,
. s

opportunities:,

The Committee recommends that the American Ast:ronomicaZ.'Socjet

assume the responsibility of oDer:seeing the' distribution of a,sianddrd



letter to.all, Ph. D. granting institutions having specializations in

astronomy and/Ordstrophysicsand of urging these irstitutioni to

:,adopt'this letter and to mail it to e ry student seeking admission
. .

to graduate work; An example of the ty of letter envisaged by the

Committee. follows:

Dear Student:

.:You'should now be giving serious thought to the career

;you expect ,o have after completing your graduate work.
.

,'As'tronomy'is an intellectually exciting field in which major

aciaricas, are being made, covering a bodd spectrum of the

physical sciences.'

Traditionally, the most. desirable positions'for a young

astronomer have been those at large universities or major

',ObSerkfatories Where one could devote a substantial fraction

of time to research. However, the increased numbers of

graduate students in the physical sciences, the overall de-

creased enrollment at the undergraduate,levelst and the

decreased fundspvaila6le for research have combined to make

the prospect of obtaining such positions increasingly difficult,

'bpportunitiet will be available; of course, but the ratio of

candidates to ayailable positions at current rates of Ph.D.

production is projected to be more than 4 to 1.

You should now seriously consider whether your interest

kn the f'ie'ld is so great that you wish to devote five more

' years. of hard study to astronomy, knowing tNt at the end'of

those years the main,job openings will probably be in fields

entirefy different from astronomy.

With- the subject matter of the physical sciences changing

,so rapidly, it is not uncommon for a person who acquires know-
,

ledge and research, vperience in one field to change later to ,

a

do allied one. The positions which wilj be,available to you-
.

,

willbe filled on a .highly competitgvb-basis, and you must 'be,'

very ,honest with yourself in assessing your chances of success

nof only for CompletiOn bf the Ph.D. butbalso in-the competitLon
,



for employment. We will do,everything possible to advise you

carefully as to your chances for ft:aura success in both graduate

school and your intended career:
. '

As an initial 'step in this"procedurd,.we call give you a.

rough indication of a typical student,y6 might bda0mitteat.19

a graduate program. For undergraduate gl'adts, the :stulOnt had

more A's than B's at a good institution.. The -stUdent scork

well on both the verbal and the quantitative parts ofthedRE

and had very - -good recommendations from professors: None Or

these is an absolute criterion, because no test,has-been devised'

yet to measure such intangjbles as origknality, but,ihey may

provide a helPful guide in allowing you to carryout a self-.-

evaluation of your potential.

Very sincerely yours,
I

ti

e

Departments of astronomy differ in the manner in which the students are

screened. Several of the lending departments have already drastically
t

cut down the number of students they admit to their graduate pr6gram.

Other departMents have admitted manybut selectively "weed out" a large

fraction of them during their ,first few years of graduate studies, ,

Some departments depend heavily on graduate student, assistants in dis-

charging the teaching and research-responsibili-pies ,of the department,

and therefore encourage-large graduateknrollments.'

271.e Committee recommends that.faculty Aembes assume more under-

graduate teaching respoysibilities and that pobt-doctoral fellows

be considered for positions as research assistants o fill the need

created*by'smaller graduate enroZiments.

The employment crisis in astronomy must be faced not only by the

young people but by university departments as well. The ever-increasing

pumber of Ph.D. producing departments is a cause of some concern.

although it also reflects the erkormods enthusiasm the academic world

now has for the science.

'The Committee recommends that all existing agronomy departments
f

and'alli embryonic ones achieve close cooperation in the organization
. _/



of curricula between physics cm4 astronomy specializations. Furthermore,

it is recommoterdthat astronomy departments, old and new, make certain

that they are not overemphasizing graduate courses at the expense of

imaginative and attractive undergraduate offerings.

The result of these recommendationd will undoubtedly mean that

senior faculty members will have to teach more andthat departments

will have to curtail their graduate population but if both actions are f_

carrj.ed out they Should balanct the criteria for university support '

for the department. This contribution by senior members of the profes-

sion win assist in alloying departments to continue to maintain a

junior staff as long as the undergraduate popularity of the field exists.

Its is also the responsibility of each graduate department to make

sure that its students receive a training broad enough to make them

competitive with other candidates for,the job market. At present,

haying a Ph.D. in arpnomy rather than physics puts the applicant at

a disadvantage when competing for employment in inintry and in many

four year colleges. This disadvantage may be caused by the incorrect

"image" an astronomer has in the, eyes of intistrial recruitment officers

and university officials; however,.some astronomers are very poorly

equipped to handle problems outside a narrow specialty, because of a

lack .n'breadth in their training. It is up to the entire community of

astronomers to correct the image that astronomers are able only to look
9

through a telescope and ponder the riddles of the universe. There is

also some real evidence thatlmany of our young Ph.D.'s are indeed much

too'overspeciakized and have not received sufficient diversification

in their graduate work, especially with respect to physics courses. A

properly trained astronomer should be fully as capable of teaching the

undergraduate physics and astronomy,, ourses in a college as a physicist

is;\and if the astronomer has instrumental talents he should be a valu-

able ass,et to modern technology as practliced not.only in astronomy but

also-in industry..

The Committee recommed& that cal departments bffering graduate

studies in astronomy review then graduate curriculum and their.

attitudes towarpretployMent opportunities in. the light of the current
4



I.

situation in astronomy. To become employable, graduate students must

have opportunities to gdin experience in teaching, in computer appii-
..

cations, electronics, or, in special fields of a related sciencep-Tbey

will need the understanding and support of their professors as they

prepare themselves for such diversified careers.

'On the basis of the 'data presented in this section, it is clear

that the government has invested a substantial sum in astronomical

facilities and research. It is regrettable that federal suppOrt for

the physical sciences is decreasing and that so popular and vigorous

a field as astrophysics must realistically project at best essentially

level funding in future years.

One area of research that has suffered from cutbacks in federal

support is the analysis of data from space missions: It is imperative

to achiet)e the optimum balance between the support pf major space

missions on the one hand, and, the support of the specialists who ob-

tain, analyze and interpret the wealth of new astronomical data pro=

doted by, such programs on the other. The young space scientists who

must be counted on to design the experiments to be flown in the

shuttle are actually being forced out of the field because they cannot

find employment.

The Committee suggests that NASA make a careful study of the need

for data analySes in the astronomy, program.

48
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B. Employment

1. Industry

One of the most striking differences in the employment

patterns of astronomers and physicists is the under-represen-,

tation by astronomers in industry (6% compaped to 22%). Fur-
,

thermore, most of the Ph.D. astronomers employed by industry

are working forcoMpanies,which are heaVily engaged in the

-space programs and are essentially,funded,by, NASA. A sampling

of the opinions of certain companies has uncovered the general

belief that astronomers hre atagazers who enjoy contemplating

the mysteries of the universe and are not suited for the more

mundane and practical hard-headed matters that industry faces.

The companies also thought that students of astronomy ought to

be trained in skills that are needed, such as computer appli-

cations, electronics, instrumentation, etc.. If astronomers

axe to compete for industrial positions, then greater attention

must be given to assuring that they have the skills industry

needs. Astronomy.hasa very exciting field of.activities and

a very ,broad and diverse 'range.. If,this.fact'is ,coupled into

some specific project training then specialist would emerge

.who not only dbuid;contribute significantly to astronomy but

also to ,industry.. ,

.
On the basis a a sampling of attitudes on hiring astrono-

.. -
mers by one high-technolOgy.cerporation;.the following points

were made:
4te

(1) the Ph.D. astronomer 'is seen primarily`i:n thiS=c4n-
,

tekt as an individual with a regearch training that' should

give :him a sound analytical ability and a general scientific

training. die is regarded as having leadership potential.

(2) An undergraduate training in physics or dlectrlical

engineering is regarded as essential to his general.,back-
_

ground. Both theoretical astronomers and those with an

undergraduate training in astronomy are:congidered to be
4

r

too specialized.

36
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(3) At the present time the general background of the

.Ph.D. astronomer is more attractive tR a development

group in a manufacturing division than it is to a research

laboratory. The need to understand a customer's require-

ments for a sophisticated component or to analyze a total

system balls for a man with a general physics background.

(4) Hiring Ph.D.'s in a manufacturing' division seems to

__present no "psychological" problems.

(5) Practical experience with building instruments and

getting one's hand "dirty" are regarded as desfrable

traits.

t6) The job candidate must try to relate his past ex-

perience the needs of his potential employer. He must

understand that he will become an engineer, not an

astronomer, and. can probably. advance by providing leader-

ship to a group of "specialists" (for example, he should

demonstrate that "he can get the job done").

(7) An M.S. degree or'equivalent training in Computer

Science, Optics, Nuclear Physiesl-Electronics, or Solid.
_ -

State Physics-Is an advantage.
. -

(8), The candidate should s'eek-otit high technology in-

dustries.

Astronomers could, gain more visibility in industry by

actively participating in the NSF Faculty Research Participation

Program of the NSF Division of Higher Education in 'Science.

This prograM, in which academic eaculty are encouraged to parti-

cipate in research in an industrial type of setting, is

planned to assist in adding another dimension to the instruction

of students of science in colleges and universities., If

astronomers participated in this program they Couldcvertome

the image that an astronomeris not employable in industry,

they would gain an insight into the kind of advice they should

q

4
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give-t4 students in preparing them for industrial positions,

and they could establish contracts in industrial areas.

There would'also be advantage to the program being

expanded to inc ]kde those persons in pure research positions

and particularly those holding post-doctoral,research positions.

This would'be one mechanism of assisting young-astrophysi4sts
\,

in broadening their field Of expertise so that alternative

careers might be developed. --dr

Teacching

The )enthusiasm for astronomy evidenced by e ever=in-

creasing graduate enrollment and Ph.D. production is also re-

flected in the interest shown by undergraduate' students and by

the public in, general. All physical scienIats and astronomers

in particular have now an-opportunity to assistin developing,

a more scientifically aware society and to achieve large gain^

in the scientific litera,Vof the nation. On the practical

side, increasing enrollment in undergraduate astronomy courses

brings financial support toa department and enablesit to

support'its faculty.

The Committee recommends that the American Astrottomical

Society take the Zead in a concentrated drive to expand under-
%

graduate programs in astronomy and to seek out and encourage

aZZ junior. colleges, colleges and universities not nor' staffed

with an astronomer as a faculty member to introduce this ex7

Citing program.into their curricula.

Table XIV, provided by the AIPi summarizes the involvement

of trained, astronomers and others teaching astronomy at the

various educational levels.
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The figures for non-astronomers should be considered lower

limits because scientists only peripherally tapped in the AIP

survey may be teaching astronomy.

Students are not included in the figures of Table' XIV.

Sixty students teach some aStronomy on assistantships in Ph.D.

departments; 10 students'teach at the other- educational levels.,

Clearly at the university leverthe astronomy-trained indi-

vidual holds mpst of the teaching positions, particularly at

the Ph.D.-producing departments. But at four-year Colleges

and lower the situation is quite different; non-astronomers

dominate the situation.

The AIP has also provided listings of four-year colleges

offering introductory courses in astronomy; 401 are J.isted. On the

basis of Table XIV, we infer that very,few of the colleges have

.
astronomers teaching these courses. An list of four-

year colleges,offering nd)astronomy was prgai4ted; 64 of these

latter instit-utions have faculties greater than 100 and may be

good candidates for program enrichment in the field of astronomy.

The AIP also lists 34 two-year colleges offering associate
;.

degrees in astronomy and 359 two- year, colleges not offering

astrono courses in 1974-1975.

7s an example of the contacts needed, a recent Sigma Xi
lecturer, whR is an astronomer, visited two universities with

( .

enrollments of 9000 each. Both universities offer elementary

astronomy courses with the teaching being done by .a physics ,

department professor. In both universities, the administrators

indicated that they would like to hire an astronomer and if

someone would come forward it probably could be arranged. But

. it appeared necessary for the initiative*to come from the out- A 1.

side. The AAS, under its Shapley Lectureship Program, has one

mechanism which would enable senior astronomers to encourage

such universities to strengthen their astrolibmicaleofferings.

11,
The interest shown by undergraduate students is frequently .rk

generated in elementary and secondary-schools, where astronomical

MOO
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subjects are being introduced more and more in the general

science and physics programs.

The Committee recommends that astronomy department heads

of all'state universities make an effort to'suggest to

state legislatures that awastronomy course be incorporated .

as a science credit for all new and continuing education stu-

dents,and teachers.

The technology of teaching undergraduate science courses

is developing in an accelerated way and many innovative aids

are available which l' ten the burden of the teacher. An

effort should be made by all educators to use these state-of-
t

the-art techniques in order to make their courses more

,interesting and to give the lecturer more flexibility in the

, allocation. of his time.

If, with a major effort on the part o'the astronomical

` community, a.shumber of new teaching positions are opened up

for young astrtonomers, then the astronomical community should

also'look for new ways to enable these talented younkpeople

to continue their research careers. Heavy teaching loads and

relative isolation from colleagues will make research difficult

to carry out during the academic year. It is possible, howeVer,,

for such persons to join an active research group during the

summer recess.. Modest programs at the National Centers are

-already underway, and the major university centers of astronomi-

cal research might also develop such summer institutes perhaps

withhe support of federal funds from HEW and NSF education

funds. The recent technological advances in observational

astronomy give promise of providing such a wealth of data

that Major, inroads in the fundamental problems of astrophysics

an be made with a team effort of data reduction and analysis.

Such teams could well be centered at one of the majoi, universi-

ties or observatories and.could easily accept young Ph.D.

- astronomers during the summk, as collaborators. Thus it-would

be advantageous to the:science and to-the educational field to
'

4

,
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have such efforts underway. A scientist active in research

is usually the most valuable and inspiring science teacher.

The NSF has recently announced that opportunities are .

'available for faculty members of smaller institutions to remairr

a ive in organized and basic research by participating in re-

search supported NSF at large active departments of a nearby

university.

In recommending-the enrichment of college programs by the

introducZion of astronoqty in the curriculum, the Committee
-

realizeS that the skills and expertise of mature astronomy

teachers are critically needed. The first step in developing

nett astronomy programs in colleges now having none would con-

sist of the placement of such an experienced and knowledgeable

astronomer in the college for several years in order'to get

the program, established. It would then be easier for a young

astronomer to join the program. Perhaps 'it would be possible

to find support from private foundations or from federal.

sources to introduce a distinguished professor progrAm whereby .

a person within a few years of retirement would be willing to

leave his home institution inorder to contribute to the en-

richM"et of another four-year collega0.0hrtOliege would

benefit, and the home institution could then employ a young

person in place of the senior professor. The funds needed

would be the salary and moving expenses of the senior professor

for the few year prior to retirement. A coordinated effort

would hvneeded in finding funds, interested senior astronomers,

and interested colleges.

The preceding suggestion is an'alternative to the possi-

bility of early retirement` which is now frequently discussed in

academic circles. As.indicated b371iffe,inebeasing percentage of

;enured astronomers among the leading departments -of astronomy,
4

there is some concerrrthat a "generat4.on gap" will develop in

such academic departments which cannot expand to hire young ..

people,: At present the'usual procedure is to maintain the

fr
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young population in .non-academic positions. For the continued

health of the science it is necessary,to keep a young and active

population of research workers and these young people-need

some h pe that permanent positions will become available to

-them.

The problem has'now become acute in astronomy, Unless
0

additional positions become available, it is inevitable that

hundreds of young persons already.traineder now being trained

in astroiDhysid5will have to leave the ield entirely.

Immediate efforts should be Made t at least 200 new posi-

tions for the young Ph.D. astron now in temporary positions.

While the effort is underway, it is hoped that employers of

these. young scientists will atteMpttoextend.the,duration of

the temporary appointment. At the same time, a'reduction in

the Ph.D. production rate of pe5sons specializing in astronomy

should be begun. These measures will'not solve the problem but

only alleviate it. The ratio of astronomers under forty years

of age to those over 50 years is nearly 6 to 1 and if all of

the younger cohort seek permanent employment in the traditional'

nodes, only one in 6 will be successful. The possibility of

an unemployment rate of near six hundred percent is indeed

staggering!

All of the recommendations in this report require the full

cooperation of the astronomy ang physicsecommunities and many of

the alternatives suggested will require basic changes in out-
.

look of the *mature group Of astronomers and a real commitment

of time on the part of a few influential senior persons in the

field. It is hoped that the community will respond to this

need.
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